Introduction
One of the earliest positive-tone photoresists formulated under the concept of chemical amplification was a composition comprised from end-capped poly (phthalaldehyde) and such a photochemical acid generator as triphenylsulfonium hexafluoroarsenate, diphenyliodonium hexafluoroarsenate, etc. Recently, a total dry etch process was proposed using a thermally drydevelopable resist formulated from poly(4-trimethylsilylphthalaldehyde) and triphenylsulfonium trifluoromethylsulfonate [2] . The thermal decomposition of end-capped poly(phthalaldehyde) occurs about 200°C [1] . On the other hand, relief images with the chemically amplified resist formulated from the same material are thermally developed at 100°C [2] . These experiments show clearly that a proton-catalyzed decomposition mechanism operates at the dry-developed process. This paper elucidates the mechanism by the method of quantum chemical calculations.
Method

Construction of Model
A polymer chain of poly(phthalaldehyde) is shown in Fig. 1(a) . For the construction of a model compound which represents the central part of the polymer chain, phthalaldehyde moiety was replaced by methyl radical as indicated in Fig. 1(b) . Quantum chemical calculations were carried out on this model compound in order to describe the process of proton-catalyzed polymer degradations.
Computational Details
The Schrodinger equation of the reaction system was solved using a semiempirical selfconsistent field molecular orbital method with the MNDO approximation [3] at the Hartree-Fock level. The structures of the reaction system was fully optimized at each of the structures which were designated by a specified bond distance change used as a parameter. The activation energy of the elementary processes were determined in this way as shown in Fig. 4 , for example.
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Results and Discussion
Structure of Poly(phthalaldehyde)
The stable structure of poly(phthalaldehyde) was determined by the full optimization of its atomic configuration at the minimum of the potential energy hypersurface (Fig. 2) . The main chain of the polymer forms a helix coil as shown in Fig. 3 , which was obtained from the structure in Fig. 2 by excluding other atoms. The same number is used for identifying each of the atoms of the configuration throughout Fig. 2 and 3 . Fig. 1 (a) Central part of a polymer chain of poly(phthalaldehyde) (b) A model of (a) used for quantum chemical calculations Fig. 3 The helix coil structure of the main chain of poly(phthalaldehyde). This picture is obtained by excluding other atoms from the structure in Fig. 2 . The sane number is given for identifying the atoms throughout Fig. 2 and 3 . Fig. 2 The stable structure of the model compound representing the center part of a poly(phthalaldehyde) polymer chain. In this structure, a proton is already added at the oxygen 12.
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When the proton generation takes place by the photo-irradiation, one of the oxygen atoms in the main chain of poly(phthalaldehyde) catches a proton and the main chain cleavage may occur.
In the first place, the main chain scission mechanism was investigated in the case that a proton addition occurs at the oxygen 12 as shown in Fig. 2 . When the bond distance between the oxygen 12 and the carbon 13 lengthens from the equilibrium value 1.49A, the potential energy increases and takes a maximum value 9.59kcal/mol at the distance 1.90A. Then, the potential energy diminishes with further lengthening of the bond distance (Fig. 4) 
